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BAKIIAR INJ)IAN RICE BEER FERMENT. 

BY 

C. M. HUTCHINSON, 

Imperhl AgricuUural Baderidogist, 

AND 

C. S. RAH AYYAR, B.A., 

AfAslanl lo the Impcfial Agrieulhimh Baderiologist. 

Introduction. 

This investigation, the results of wliich arc described in this paper, was 
undertaken at the request of tlie Assistant C'onnnissioner of Excise for 
Bengal, Bihar and Orissa and Assam with a view to ascertaining whether the 
manufacture of bdkhar can be advantageously controlled by Government, 
and. if so, in ivhat manner. 

Bdkhar, also known in Northern India by other names, such ns murcha 
in Darjeeling, raiiu in the Central Provinces, and u-l-ial in the Khasi 
Hills, is the artificially prepared ferment or inoculum used in N,-E. India 
in the manufacture of rice beer, pachinii, and of the rice spirit distilled there- 
from. A full and interesting description of its manufacture and properties 
was given by J. C. Ray in a paper published in I ol. II, No. 4 of the Journal 
of the Asiatic Socielg of Bengal, containing an account of the manufacture 
and use of bdkhar in the Cuttack District, and of the author s experimental 
work aimed at determining the source of fermenting power of this prepara- 
tion and the conditions necessary for its successful use ; the author arrives 
at the conclusion that saccharification of the rice starch is due to the diastasic 
actmty of a ili«cor introduced in the bdkhar, to w’hich organism he gives 
the name of Mucor-Toriila and also ascribes the subsequent alcohohe fermen- 
tation to its activity. No doubt there were budding Mmors present in the 
bdkhar whieh he examined, but it does not seem necessary to conclude that 
the alcoholic fermentation was due to their action and that yeasts uere absent , 
in only one specimen of bdkhar examined in this laboratory was there total 
absence of yeasts, and although some Mveors can ferment the maltose which 
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their diastasic action has produced from rice starch, it is much more probable 
that the alcohol formed by using bakhm is mainly produced by the fermenta- 
tive power of yeasts which were present in the latter or found their way into 
the liquor at some stage of manufacture. It is possible, however, as has 
been suggested to one of us by the Chemical Examiner for Customs 
and Excise, that the high percentage of alcohol sometimes found in 
'pachmi, amounting in some cases to as much as 22%, may be due to Mucor 
fermentation persisting after the upper limit of alcoholic concentration 
possible by yeasts has been reached. 

Bdkhar, then, is an artificial culture containing living fungi or their spores 
together with yeasts. The function of the former is to saccharify the rice 
starch and of the latter to ferment the sugars thus produced, the result being 
a watery solution containing dextrin, maltose, and alcohol together with 
smaller quantities of by-prddncts. This wateri' solution in the earlier stages 
of manufacture may be strained off and is then known as jiachwai or rice 
beer, or after further addition of water and a longer period of fermentation 
may be distilled to produce rice spirit. 

The necessity for the presence in hdkhnr of saccharifying moulds known 
as “ amylo ferments ” arises from the essential difference between the husked 
rice grain and that of barley, which lies in the absence of the embryo and 
its associated enzyme production, from the former. Barley grain, owing 
to the enzymic activity of its embryo, which is iiot removed in husking, can 
be “ malted ” simply by keeping the grain moist and vrarm, when the 
secretion of diastase characteristic of the ensuing germination commences 
the conversion of starch into sugar, knowir as saccharification, which results 
in the production of “ malt.” Thus barley starch is converted into sugar 
simply by artificially inducing a natural process, whereas in the case of 
rice, in the process of husking, the embryo, owing to its external position, is 
broken away, carrying with it the self-contained powder of saccharification 
possessed by tbe complete grain, and making it necessary, when alcohol 
production is aimed at, to ensure the presence in the ferment of some 
saccharifying agency. 

The fermentation of rice and other food-stufis is also carried out in other 
Eastern countries in a similar manner, the. saccharifying power of various 
amylo ferments being utilized for this purpose. Examples of this use of fungi 
are found in the case of Sake, the Japanese rice beer, Aspergilltts OryzcB being 
the amylo ferment in this case, and also in the preparation of Soja or Bean 
wine and of Miso, Bean mash. 
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AsfergiUus BatatcB=Sterigma(on/sHs Balalce (Saito) Sacc., is used in the 
manufacture of yam brandy in Japan. 

Aspergillus Wentii Wehmer for Soja and for Beau mash, iii China. 

Mucor javanicm Wehmer and RMzopusOrgzreyient for rice beer (arrack) 
in Java. 

Mucor Eouxii (Calm.) Wehmer in Chinese yeast. 

In all these cases the saccharifying power of the various ferments is utilized 
to change starch into sugar, generally as a preliminary to alcoholic feiineuta- 
tion by yeasts. 

In Europe, the saccharifying power of certain fungi is extensively made 
use of in the amylo-proeess and in the commercial ju’odnction of sugar from 
starch. 

The origin of hdkhar has no record in India,' bnt it can be conjectured 
that its mode of preparation has always been the result of pure empiricism 
combined with observation of the conditions under which fermentation natu- 
rally occurs. As compared with the accidental discovery of barley wine, 
which is of such ancient date as to be jropuiarly relegated to antediluvian 
times, the mode of preparation of rice beer, requiring the intervention of an 
amylo ferment as a preliminary to the action of yeast, is very much moi'c 
complex andwmuld require either a more fortunate series of accidents or much 
more power of observation on the part of the primitive man who first discovered 
it. It may be conjectured that accidental wetting of stored grain in the case 
of barley, followed by germination, and coincident with such shortness of tlie 
supply as to make its rejection as food on this account unlikely, might lead 
to the discovery of the increased sweetness of the grain duo to saccharifica- 
tion of the starch, and to the further step by wliicli the water used for cooking 
the grain would be found more palatable for the .same reason. The accidental 
infection of this barley malt extract by air-borne yeasts and the resulting 
fermentation would inevitably follow, especially in those warm countries 
from which tradition derives the alcohol habit, and the same shortness of 
provisions which probably gave rise to the use of such other n]tparcntly s])oiIt 
articles of food or drink as sour milk. Roquefort cheese, Bombay duck {hmnla) 
and vinegar, would lead to the discovciy of beer. 

In rice-growing countries the case would be different on account of the 
difierent structure of the rice grain, and even when the unhusked grain had 
been stored this would probably be for seed and would not be kept long enough 
to run the same risks of deterioration as the food-supply. The preliminary 
stage of mouldiness necessaiy for saccharification would no doubt occur in 



140 


THE INDIAN RICE BEER FERMENT 


the cooked or partly cooked rice put on one side for future consumption, but 
in' most cases the resulting growth of moulds would be accompanied by such 
olfactory evidences of decay as to give pause to the hungriest cave dweller. 
The exceptions to this rule will, however, by their character explain the intro- 
duction of the use of moulds as a prehminary to fermentation. Certain fungi, 
notably the one, AspergiUvsOryzo' (Ahlhiry) Cohn, in common use for brewing 
Sake in Japan, when grown on rice produce a pleasant flavour suggestive of 
apples, which is so pronounced as to make it probable that primitive man would 
welcome its introduction into the limited repertory of his larder instead of 
immediately rejecting it as unfit for human consumption. The discovery 
of the sweetening of the rice which accompanied the improved flavour would 
no doubt help to confirm this view, and it would be only a matter of time before 
the cooking water would be found to be palatable as a drink and its storage 
would lead to fermentation by air-borne yeasts. 

We know little or nothing at present as to the geographical distribution 
of fungi, but it may be conjectured that the occurrence of such moulds as 
produce the abovementioned flavour was noted as being more frequent in 
certain localities, especially in the hills, and the same sort of observation 
which led to the knowledge of the properties of herbs and simples would dis. 
cover in time not only the probability of securing a growth of the coveted 
fungus in certain localities at certain times of year, but later would associate 
this with habitations and finally with the vessels used for holding the mouldy 
rice. From this to discovery of the use of the latter as a means of producing 
similar growth on fresh rice would be an easy step, and may in fact have pre- 
ceded the knowledge of local infection in some cases, but it seems fairly certain 
that we have in the existence of certain low caste tribes, who alone possess 
the secret or tradition of the preparation of UMar, an interesting case of the 
handing down from one generation to another of special knowledge originating 
partly from accident and partly from observation, but now almost entirely 
lost as real knowledge of cause and effect and merely surviving as blind tradi- 
tion. This is well illustrated in the case of Ukhar by the traditional intro- 
duction into the mixture of powdered fragments of bark, roots, or leaves of 
various jungle plants ; the original makers of bdkhar no doubt found that 
the use of certain ingredients increased the chances of growth of the desirable 
moulds, but in common with other holders of trade secrets they would naturally 
add numerous other insignificant items in order to prevent their knowledge 
from passing into the possession of outsiders. The probable function of some 
of the ingredients now used by various hdkhar makers will be considered later 
in this paper but at present it may be said with confidence that the makers 
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themselves have no real knowledge of the specific functions of any of them, 
and in consequence the manufactured article varies in composition ajid 
quality from one sample to another and from place to place. 

As an instance of such ignorance and its effect upon the quality of the 
bdJehar, it may be mentioned that im Aspergillus flavus Link of comparatively 
high diastasic power was found associated with the leaves \ised by tlie hdkhnr 
makers in the Khasi Hills, and there is a strong probability that their pro- 
genitors introduced these leaves on account of their experience of the powers 
of this amylo ferment ; the present generation, however, completely sterilize 
whatever vegetable tissues are added, either roots, bark or leaves, by singeing 
them over the fire so as to make them brittle enough to break up in the mortar 
and so mix readily with the powdered rice. In this way ignorance entirely 
eliminated what may originally have been Intended to ensure the introduction 
of fresh amylo ferment, in case this should die out in the ordinary course of 
transferring from one batch to another, as no doubt frequently occuis. The 
present method is simply to dust the new cakes with powder from the old and 
so carry on the growth of the mould indefinitely. It seems probable from 
examination of the air-borne mould spores in the bdkhar makers’ houses in the 
Khasi Hills that reinfection does not entirely depend upon intentional transfers, 
but is almost certain to occur on accomit of the large number of spores of the 
local bdkhar moulds, of several kinds, invariably present in the air of the 
houses. It may be mentioned here that cake from the same makers does not 
always contain the same ferments. 

One fact which helps to prevent the total extinction of the industry is 
the possibility of rejecting the bdkhar during manufacture and before sale 
or use, by using knowledge based on experience and merely involving observa- 
tion of the condition of the cake within a few hours of manufacture. This 
prevents the sale of entirely bad bdkhar. but does nothing to ensure its quality 
as being more than moderate, and in fact the spirit produced by its use may 
be seriously defective in quantity or quality owing to the absence of effective 
yeasts or the presence of deleterious raoidds. 

It is for these reasons that the writers have undertaken an inquiry into 
the constitution of bdkhar from various sources with a general idea of deter- 
mining the possibility of regulating its manufacture. 

In addition to the composition of the bdkhar with regard to efliciency 
due to the presence of the necessary amylo ferments and yeasts, the deliberate 
addition of deleterious substances intended to produce intoxication or narcosis 
has to be considered. Accoiding to the Kcj)oit of the Excise Commission 
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o( Bengal foi 1883-84 such substances as Dnhira, Nux vomica, and Cannabis 
are sometimes added, no doubt with a view to seeming a reputation for potency 
for the products of individual bdkhar makers ; these are extreme cases ; others 
of less importance include flavouring matters and bitters, all of which can only 
appear in the rice beer and cannot seriously affect the spirit distilled therefrom. 
It is probable, however, that in some cases the beer itself might be fortified 
by addition of distilled spirit so that the deleterious substances contained 
in the bdkhar would help to produce an extremely noxious beverage. It 
is natural that no information on this point has been supplied along with the 
samples of bdkhar obtained for the purposes of the present inquiry, which 
has been confined to dealing w ith the organisms fouird in the samples and the 
plants which the makers in various districts of N.-E. India profess to utilize. 
It will, however, be obvious in view of the fact that bdkhar in Bengal is gerrerally 
made by low^ caste hill tribes and utilized for brewing rice beer by another 
entirely distinct class that the quality of the product is likely to be a source 
of anxiety to the latter and could well form a subject for inquiry with a view 
to contr-ol. It will be seen from the following account how varied the character 
of such a product of ancient tradition can be and how little the author of the 
above mentioned paper is justified in generalizing as to the microflora of 
bdkhar from the particular case upon which he reported. 

The principal objects of the inquiry were to ascertain : — 

(1) The kinds of micro-organisms present in various samples of 

bdkhar, 

(2) Their relative physiological activities with reference -to 

(а) Saccharifyirrg power (amylo ferments). 

(б) Alcohol production {Saccharomycefes). 

(3) The furretion of the added substances such as roots, stems, or 

leaves of jungle plants. 

(4) The reciprocal relationships between beneficial and detrimental 

organisms fouird in the bdkhar or likely to become intrusive 

during its use. 

(5) The possibility of acquiring a sufficient knowledge of the subject 

to allow of showiirg the makers of bdkhar better and more 

reliable nrethods of producing this ferment. 

The Manufacture of Baikuah. 

Bdkhar is made and used in the following manner, which varies very 
little from oire district to another and appears to be practically identical, 
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so far as the main principles are concerned, in all those cases which the 
writers have examined ; such diffei’ences as were noticeil consisting in the 
addition of spices and condiments where pachvui or beer was the principal 
object, whereas when distilled spirit was aimed at and pachwai became merely 
a by-product, the ingredients were correspondingly ledueed in number. 

In Darjeeling the outer skin of the root of ceitain wild plants [that used 
by the Nepalis is known to them as bhmmy}nili and was identified by the 
Curator of the Lloyd Botanic Carden as Bin/d/eid unwlkii Lour, whilst the 
Limboo tribes use u-adiny-Jutiiy-ma (Poli/ijtdu arillaUi Ham.)] is dried 
and powdered ; four ounces of this material, half an mince of ginger, three 
pieces of red pepper (chillies), and eight pounds of ground rice are kneaded 
into a stiff paste with water, made up into small round cakes about half an 
inch thick and dusted over with powdered cake from a previous batch ; the 
cakes thus prepared are wrapped in fern leaves, placed on a mat in a dark 
corner of the house, and left undisturbed for three flays, when they are taken 
out aud dried, preferably in the sun, and are subsecpiently kept dry by hanging 
in a cloth above the fire place. 

In the Central Provinces a preparation similar to hdMar. and known 
locally as ranu is utilized for brewing puchwai ; the following account 
of its manufacture is taken from the Report of tlie E.xcise Committee for 
Central Provinces, 1904. 

The ingredient called ranu is compounded of a number of i'oof.s a.s 
noted in the margin ’ — (here follows a list of the vernacular names of four- 
teen plants which were identified by the Economic Botanist to the Survey nf 
India as including the following : — 

Blephantopus scabet — Vermmia — L’lemk>i<lrum—Vkiskinllim tvllinux, 

Aspara^s racemmis- Memta Jermt- aud Piper belle). 

“ No spices are made use of. The said roots are pounded with a sprinkling 
of water and their juice. e.xtracted. The floui’ of nna rice is mixed with 
it and made into a paste and rolled up into balls. The balls are put on straw- 
in a closed room for two days and two nights aud on their beginning to smell 
like bile, they are dried in the sun." 

Tw’o points of interest occur in this description : 

(1) The powdered roots, etc., are not added to tlie rice but only a 

watery extract from them. 

(2) No old cake is used as an inoculum for dusting the new batch. 

The first point will be referred to again when dealing with the probable 

function of the added roots, etc., the second point of difference from the 
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Bengal method is either due to an error of observation on the part of the 
compiler of the report, very likely to occur, or implies the presence of the 
necessary infecting mould and yeast spores either in the materials used or in 
the air of the house where manufacture was carried on. The writers’ experience 
would lead them to favour the first alternative, as although experiments 
carried out in the Khasi Hills, at Mowlai near Shillong, shewed the presence 
both of amylo ferments and yeasts in the air of the houses in which bdkhar 
manufacture was carried on, this source of infection might easily fail on so 
many occasions as to render it unpopular even with the most primitive 
empiricist, in addition to which the origin of the method, if at all in 
accordance with the theory put forward in the Introduction, would make 
such a departure from tradition highly improbable. 

In the Khasi Hills the method of manufacture is very similar to those 
above described, differing iit only one important particular : only one of two 
kinds of added substance seems to be used in each batch, either the leaves 
of what appears to be a jungle grass similar to thatch grass (Impeniia 
arumUnacea) or the bark or stem of a creeper ; the writers were unable to 
obtain fresh specimens of either of these for identification. Portions of either 
one or other of these two materials were added to the powdered rice, but 
the interesting point of difference lay in the fact that before the addition 
the material was dried rapidly over the fire in such a way as to singe it and 
completely destroy any adherent spores, whether of moulds or yeasts, thus 
removing any chance of its action as an inoculum for the bdkhar. In this 
district, however, each cake as it was made was dusted with powdered 
fragments of a previous batch, which would secure transmission of some at 
least of the organisms present in the latter. 

The bdkhar cake made in this manner is in the shape of ballsX)r discs 
varying in size from that of a small walnut to that of a large watch; the colour 
is light biscuit or white ; the black mouldy sj)ecimens described by Ray^ 
would be rejected as worthless by any of the users of whom the writers have 
had experience, being probably contaminated with Aspergillus niger v. Tiegh. 
or some similarly unsuitable organism ; such contamination is liable to 
occur, but shows itself during the ripening of the cakes, which is brought 
about in the following manner. 

The cakes as soon as they are made are set to dry as above described, but 
before this is complete, vegetative growth of the organisms present takes place. 
The moulds make rapid growth, their diastasic power enabling them to 
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penetrate the moistened rice grains, which after a few days are completely 
invested with fungal mycelium ; aerial In-pha; and conidia are produced on the 
surface of. the cake, which is found after a few days to have swelled up and 
become dry, whilst the rice particles are licld together by the fungal 
mycelium, which, on breaking the cake, can be seen penetrating tlic mass. 
The success of the batch is recognized by the completeness with which fungal 
growth has taken place, this being judged of by the swelling of the cake and 
the investiture and binding of the rice grains by mycelium ; in addition to 
this there must be an absence of blackening and of bad odour ; the writers 
were not able to obtain any definite first-hand information as to positive 
olfactory evidences of good quality notwithstanding the recommendation ol 
the biliary qualification quoted from the Central I’lovinces report ; this is 
perhaps no cause for surprise if the cliaracter of the surroundings in which 
hdkJiar manufacture is carried on is taken into account ; the Khasias, for 
instance, are more addicted to the use of tobacco than of soap, nor do tlie 
domestic complications resulting from their habit of supporting pigs u])on 
the by-products of the brewery and the intense appreciation shown hy these 
animals of the alcoholic content of the latter, tend to simplify the olfactory 
complex obtaining in the hdMar-maker's house. 

This point is of particular interest, however, in connection with any 
attempt to modify the manufacture of MkJiar, if this is to be done by en- 
couraging the use of comparatively pure cultures of ainylo ferments and 
yeasts. Thus in the case of Aspergillus Oryzw, the mould used by the Japan- 
ese for making their rice beer, Sake, the gi-owth of this organism on rice is 
accompanied by the production of a decided and pleasant odour of apples, 
the absence of which would at once indicate probable failure of the brew. The 
quality of this flavour is modified by the action of the yeasts present and may 
afiord valuable indications of the character of tlie fermciitation likel}' to be 
obtained by use of the sample in question, but its })r(Klnction depends first 
upon the efficiency of the amylo ferments and it has been touiid that certain 
moulds such as Aspergillus niger and a commonly present Demaliuui, although 
causing the cake to rise aird binding the rice grains together, failed to give 
the odour and produced bad fermeutatioii. As mentioned above, the makers 
of bdkhar in the Khasi Hills, who are generally women, did not make use of 
odour as an indication of quality ; when invited to express opinions as to the 
quality of samples of bdkhar made in the Provincial laboratory at Shillong, 
from various materials, they condemned a sample, similar in all respects to 
those of their own manufacture except in the fact that no jungle leaf had 
been added, on account of the absence of the yellowish tinge due to this 
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addition. This sample, however, produced good fermentation. Another sample, 
although containing no yeast, was favourably received on account of its sweet 
taste due to saccharification by the amylo ferment present, In this case the 
absence of the characteristic yeast odour might have been taken as an indica- 
tion of the lack of fermenting power which it actually showed upon trial. 
.Another sample was favourably judged on account of its yellow colour, this 
being due to the ripening of theconidia of the Aspergillus Oryzce present although 
the absence of yeast deprived it of fermenting power. It ivill be obvious 
from the above instances that the most expert maker of bdkhar may be not 
only entirely ignorant of the necessary constituents of this material but 
unable to judge of its quality, and in fact the Khasi women willingh’ 
admitted that batches of apparently good bdkhar were liable to fail, this 
failure being generally ascribed by them to some malign and generally imma- 
terial influence. 

The first step which would seem to suggest itself in any attempt to im- 
prove the manufacture of bdkhar. would be to introduce the use of one amylo 
feiinent such as Aspergillus Oryzee in place of the heterogeneous mixture of 
moulds at present found in this ferment. E.xperiments to determine the 
feasibility of this suggestion have been carried out and a description of the 
results will be found later in this paper. 

From the above account it will be seen that the bdkhar maker is able 
to get some idea of the presence or absence of the necessary amylo ferments 
in his cake at an early stage in the manufacturing process, and in the same 
way the pachwai brewer can judge of this point when buying bdkhar ; no 
such certain indications, however, are aflorded as to the presence or absence 
of the yeasts or Succharomyceles. Notwithstanding the opinion expressed 
by Ray, ^ and the well-known alcohol producing power of certain moulds, the 
alcoholic content of pachwai produced by the use of bdkhar, in all the cases 
examined in this laboratory, appeared to depend almost entirely upon the 
presence and activity of yeasts. Even if the moulds present in bdkhar were 
able to produce the necessary alcoholic fermentation the amount and quahty 
of this would vary very much, in accordance with the composition of the 
micro-organic content of the cake used, thus increasing the uncertainty of the 
action of the latter. The same argument however applies to the yeast content, 
as this has been found to vary, as is shown in the biological analyses of samples 
of bdkhar given on page 147 and as there is no reliable method of determining 
the yeast content or alcohol producing power of samples of bdkhar except 
by actual trial, the brewer cannot assess the value of such samples from this 

1 hoc. eil. 
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point of view. This is the most unsatisfactory feature of the pre.seut system 
under which the maker of the ferment and the user aie distinct. As will be 
seen later the writers would advise the brewer to provide his own yeast, even 
should he find it convenient to purchase his amylo ferment in the shape of 
hdkhar. 

Pachwai is made by adding ijowrlered biiUuir to half-ljoiled rice in the 
proportion of about one of the former to one hundred of the latter ; the 
mixture is kept in a basket, or in some localities marie into cakes, and allowed 
to incubate for '21 hours, during which time the amylo ferments sjnead through- 
out the added rice and commence sacchariticatiou of the staich of the latter. 
The infected material is then transferred to earthen jars which are fillerl u|) 
with water ; fermentation sets in and is completed in from d to ■> days accorrl- 
ing to the temperature. The resulting liquid is then strained off anti may he 
drunk as pcwhwui or distilled to produce spirit. 

BiOLOOICAL AnALYSE.S or BaKUAII CaKE.S I-KOM \h\RlOL'.S 8oLJa'E.s. 

Samples of bdkhar were rccciverl from Uarjeeling, lianclii, Ihiriilia. 
Ghaibassa, Balasore, Rajuiahal, Uumka, .Sambalpur and later from Shillong. 

In order to ascertain what moulds and yeasts were present in the various 
samples these were platerl otr ainmouiiim nitrate agar with the following 


results : — 


1. Dabjeeling 

, . Rhizopus Cdinboilja [Vh rzauzcz) Vuill. 

Demaiium. 

Penicillium. 

Yeast, one kind. 

Ranchi 

.. Mmor Prainii) („„„,erous . colo 

Demufium ' 

Axpergilhi-i ni(j»r. 

3. Purulia 

Rhizopnn. Y 

Demaltiiiii J- Poor growth in all cases. 
Y^east •' 

4. Ghaibassa 

Mticor Pruiiiii. 

Deimliiim. 

Yeasts— Two varieties. 

5. Balasore 

M near Pru i n i i — Abunda nt . 

Detmliuin. 

Yeasts— Two varieties ; numerous colonies. 
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G. Rajmahal 


7. Dumka 


8. Sambalpur 


Mucor Pratnii — Abundant. 
Rhizopus — ^Few. 

No Yeasts. 

Mucor Prainii — Abundant. 
Benin tium. 

Rhizopus. 

Yeast. 

Mucor Prainii. 

Dcmalium. 

Yeast. 


From the above analyses it will be seen that the number of kinds of moulds 
found in bdkJmr from geographically widely separated centres is comparatively 
small, arguing a very considerable efficiency in the empirical method used, so 
far as obtaining the presence of those moulds which we shall see possess con- 
siderable saccharifying power, and at the same time excluding more common 
but less desirable forms such as Penicillinm. It will be noticed that Mucor 
Prainii Chodat and Nechitsch was found in six out of the eight samples 
examined ; this organism was originally isolated from hdJehar by Nechitsch ; it 
is of interest to note its continued presence. 

The Purulia cake gave poor growth on the agar plates ; Mucor Prainii 
was absent and the sample might be regarded as a poor one from the point of 
view of its efficiency as a provider of saccharifying organisms, if tested only 
in this way. 

The Rajmahal cake was distinguished bj' an entire absence of yeasts 
and might be considered defective for this reason, although its content of 
saccharifying organisms was good. 

The samples were also plated on ordinary nutrient agar to ascertain the 
presence of bacteria which would not appear on ammonium nitrate agar, 
being suppressed by the r apid growth of moulds ^^hich occurs on this medium. 

Bacteria were found in the samples from Ranchi, Balasore and Rajmahal, 
but both kind and numbers were few ; this as will be shown later is due partly 
to the antiseptic action of the added leaf, roots, or bark and largely to the 
suppression of their growth by that of the moulds. 

The above method of analysis cannot be considered of great value except 
when carried out on a very large number of samples, if it is to be regarded as 
a means of determining the relative efficiency of different brands of cake ; 
it was merely intended in this case to serve as an index of the organisms gene- 
rally occurring in these cakes. The variation between samples from the same 
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district WAS slso found to be coiisidcrublc so lur us tlic coiupositiou of tlicir 
floral complex was concerned, but the general inference was that in the majo- 
rity of samples saccharifying organisms were present, whilst there was an un- 
expected freedom from those more common moulds of less diastasic power, 
whose groirth is generally accomiianied by th<> production of bv-])i()duct 3 
of offensive odour. Some samples, however, .showed the ])resence of deleterious 
organisms, such as Aspergillus niger v. Tiegh. whilst in others the growth 
of appropriate moulds was feeble and insufheient to supju’css that of bacteria, 
which rapidly produced putrefaction. 


Saccharifying Power of the V.vrioits Samples. 


This was determined by mixing 1 gram of powdered calm with 100 grams 
of rice after steaming, and keeping at 30=0. for foui- days, after which the sugar 
was extracted with water and its amount determined by Fehling solution. 
The following relative amounts were obtained ; — 


1. 

Balasore 

. . 

80'R 

2. 

Purulia 


00-9 

3. 

Chaibassa . . 


. . . . oB'.o 

4. 

Ranchi 


41'2 

5, 

Rajraahal . . 


.39'6 

6. 

Darjeeling 


2u-4 

7. 

Dumka 

. « 

]2'4 

8. 

Knji 

•• 

128-4 

e figures show that the first method of analysis is of little 


determining the relative saccharifying powers of samples of Mkhar, although 
it might be possible to devise a modification of it which would afford more 
accurate information ; the direct determination of the saccharifying power 
is, however, more simple and at the same time gives results which are of 
practical value, so that ultimate analysis would probably only be useful for 
scientific research. 


Koji, the very high figure for which shows its superiority in this respect 
to all the Indian preparations, is the Jajianesc equivalent for bdkhar, but 
differs considerably from the latter in being practically a pure culture of 
Aspergillus Oryzee (Ahlbury) Cohn made not on powdered rice, but on whole 
rice grain. 

As will be seen from the figures given in the following experiments, made 
to determine the relative saccharifying power of the various amylo ferments 
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in pure culture, the diastasic action of these fungi is largely influenced by 
the proportions of air and water present, an excess of moisture being more pre- 
judicial in the case of the Aspergillun than in that of the Mucors ; in general 
it may be said that the technique of saccharification with amylo ferments must 
be carefully regulated with reference to this point, as will appear from the 
following results of tests of the relative saccharifying power of pure cultures, 

Relative S.ucchartfyixg Power of Amylo Ferments. 

Pure cultures of Aspergillus Orgzce, Miicor javanicus, Rkizopus Cam- 
bodja and Demnfium Chodnti Nech.' w’ere inoculated into 1% starch solution 
and incubated at examining from time to time for disappearance of 

starch ; this took place after the following number of daya. 

Aspergillus Orgzfv sAlev 11 days. 

Rhizopus lo „ 

Denial ium ,, 20 „ 

Mucor javanieus : — ^starch still present after one month. 

After eight days the amount of sugar formed was determined with Fehling. 


The relative amounts were ; — 

Aspergillus Orgzfv . . . . , . 2.3'0 

Rhizopus .. .. ■ 16'4 

Demalium . . . . . . 14’6 

Mucor javanicus .. .. .. 9-7 


This experiment was repeated, other moulds being included. The absence 
of starcli was noted as follows : — 

Aspergillus Orgzre after 8 days, 

Aspergillus niger „ 17 „ 

Rhizopus Cambodja ,, 17 „ 

Demalium „ 20 „ 

Mucor javanicus „ 27 „ 

Mncoi Piaiiui I & g£^gp gQ (j^yg^ 

Mon ilia i 

Mucor Prainii 1 d- 2. — In several cases a Mucor with a very characteristic 
dendritic growth and other morphological characters apparently distinct 

1 All the funei isnlatod from hdkhar we-rc kindly identified by the Imperial Mycologist, 
Dr. Botler ; with reference to Ofmalium he notes as follows : “ The name has been changed 
l.y Saceardo to Cladmporium Chodati (Keeh.) Sfvee. who, hotrever, remarks that it is perhaps 
Is'tter considered an Omporn ; I agree.” 
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from those of Mucot Proinii. was isolated from samples of halchnr, and in 
some cases both forms were found in the same sample. It was subsequently 
identified by Prof. Vuillemin of Nancy as bein» identical with Mumr Pminii. 
although the dendritic form invariably showed diflc'rent ]>hv.siologioal cha- 
racters so far as saccharification of starch was concerned, especially with 
regard to the condition of solubility, gelatinisation. and water content of the 
substratum. It is referred to in these notes as Mm nr Pminii 2. 

Saccharifying Power of the Amylo Ferments on Rick Gr.\in. 

The moulds were then inoculated into 50 grams steamed rice and kept 
in glass jars with covers and incubated at .•{O'C. for .5 days, after which the 
sugar formed was estimated by extraction with water and titration with 
Fehling. 


Aspergillus niger 

2f)() 

Mneor Prainii (2) 

18-2 

Mmor javnincus 

]r)'2 

Detruilwm 

l.TS 

Aspergillus Orgzre 

Ki’O 

Mueor Pminii (1) 

7-7 

Rhizopus Cambodju 

S'O 


In this experiment a deeided difference in relative diastasic power was 
found, Aspergillus Orgzrp. taking a lower place relatively to the Murnrs, whilst 
a wide separation occurs between M. Pminii 1 and 2. This is evidently due 
to the conditions of the experiment and probably a consequence of lack of 
aeration and excess of water, as the aerial growth of the moulds obviously 
differed. The experiment was repeated using petri dishes instead of covered 
glass jars; the rice was sterilized in the autoclave and inoculated with pure 
cultures. After 4 days incubation, the rice, which had dried up completely, 
was extracted with water and gave the following figures with Fehling : — 


Aspergillus Orj/zee 

;li-;} 

Aspergillus niger 

].3'5 

Mucor jamnicus 

29-() 

Rhizopus Cambodja 

12-3 

Demaiium 

7-2 

Mucor Prainiil}) 

‘.)-3 

Mucor Prainii (2) 

2'8 

111 C ■ 1 


The growth of the Mneors was evidently much restricted by loss of moisture. 
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The experiment was repeated, in this case the moisture content being 
kept up by placing the petri dishes under a bell-jar with water. Even in 
these circumstances the moi.stnrc seemed insufficient and after two days a 
few c.e. sterile water was added; after 4 days the rice was extracted with 
water and gave the following figures with Fehling - 


AspergUhis Oryzw . . . . . . 13'S 

Aspergillus niger .. .. . . IS-i 

Mtwor javanicus .. ,, l.'j-g 

Muc»r Prainii (\) .. .. 12‘4 

Rhizopus .. . . . . 9'7 

Mvcor Prninii (2) . . . . . . 9'0 


Lack of moisture in this case also evidently retards the grou-th of the 
Mucors except Miicor javnnicus which in both these experiments compares 
favourably with Asjwgillus Onjzw. 

From considei'ation of the above experimental results it will at once be 
seen that the amount and rate of saccharification produced by the use of 
hdkhar will depend upon a large number of varying factors, the principal 
one being the presence of suitable amylo ferments in an active condition. 
All the samples examined contained such amylo ferments, but the experiments 
on saccharification showed that the efficiency of the cakes would depend largely 
upon arranging the conditions for their use to suit the particular ferments 
they contain. In Japan this difficulty is overcome, or rather avoided, by the 
use of lioji which, as pointed out above, is a practically pmre culture of Asper- 
gillus Oryzee, the best conditions for the action of which when once ascertained 
can be indefinitely reproduced. So far as amylo ferments are concerned 
the idea of substituting one suitable organism such as Aspergillus Oryzee 
for the haphazard mixture found in bdkhar, at once suggests itself. This 
would also help to keep out undesirable organisms, such as Aspergillus niger, 
as it has been found in this laboratory that a sufficient amount of an inoculum 
of a fungus such as Aspergillus Oryzw under favourable conditions will result 
in a growth sufficiently vigorous to. inhibit that of any intrusive oganisms. 
This will be referred to again when considering the subject of laboratory- 
made bdkhur. 

Relative Alcohol Production by Various Samples of Ba'khab. 

This was determined by steaming 100 gm. of rice and inoculating with 
about 1'5 gm. of the sample. After thorough mixing, the rice was placed 
in wide mouthed cotton-wool stoppered bottles and incubated at 30“C. 
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for 24 hours, after which- 230c.c. water was atldcd to each hot tic and iucuha- 
tioii was carried on for five days a» 30° f. 


150 c.c. water was then added and distillation carried out. 


Cake 

Sp. Gr. at 
•20^ C. 

1 

UUtillatc 

Proof Spirit 

1. Diimka 

0-961 

lot C.f. 

61’6 c.i*. 

2. Uanebi 

0-96o 

lUU c.c. 

c'.u. 

3. Darjeeling 

0-9.59 

SO ce- 

tilT) c c, 

4. Balasore 

0-!(6S 

c.t*. 

to-.-! c.c. 


Owing to the very large amount of time and labour involved in the isola- 
tion aird maintenance of pure cultures of yeasts, it was not found possible to 
make biological analyse.s of the above samples from this point of view, 
although any research carried out with the intention of putting alcoholic 
fermentation in India upon a sound basis must inevitably depend for its 
success upon the examination of all the yeasts available in order to miss 
no opportunity of obtaining the most efficient forms for various substrata. 

Four distinct forms of Saccharomijces cetevisiw have been isolated in this 
laboratory, from bdkhar (Khasi), molasses wash, beer wort and tinih mi flowei' 
{Bassia latifolia) respective!}', and experimental work lias been carried out 
to determine their fermenting power under various conditions. It will be 
sufficient to say here that the yeast from hdkhar was the one of these four 
found most capable of alcohol production from saccharified rice. There is 
every probability, hosvever, that research would discover more efficient strains, 
but it seems doubtful whether this would be worth while in the interests of 
the present class of consumers of pacJiimi. 

Laboratory-made Baku a h. 

A large number of experiments was made in Shillong and continued in 
this laboratory with a view' to detemining tlie practicability ol jiroducing 
hdkhar containing pure cultures of amylo ferments and yeasts. The experi- 
ments at Shillong had the advantage of being cariied out in a pm-IiMot-making 
district, the Khasi women being quite willing to test the jiractical efficacy 
of the laboratory-made bdkhrir by their own methods under supervision. 
Subsequent experience at Pusa has led to several modifications of the method 
of manufacture, which it is hoped to test on a practical scale. 


2 
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Experiments at Shillong. 

Biological Aiiab/si.'^ of Khan Bdkhar.— Local cake was plated in ammonium 
nitrate a"ai in two dilutions ; A hififher and B lower dilution. 

A. — Mvcor Prainii 2. 

—BJiizopas (Black sporangia). 

— Aspergillus (AVhite sporangia) 

B. — Mucor Prainii 2. 

— Demathim (numerous). 

— Yeasts (two varieties). 

This plating illustrates the necessity for e.xtensive duplication in such 
analyses, just as previously cited instances show the importance of using 
various media in order to obtain any complete notion of the biologic content 
of such material. In the lower dilution B the rapidly growing Dematium, 
numerous colonies of which were present, probably suppressed the growth 
of the Rhizopus and Aspergillm, which were subsequently found to be almost 
constant constituents of the Khasi bdkhar from this particular locality 
(Mowlai; Shillong). 

Effect of Inoculation with Old Cake. 

The final act in the preparation of bdkhar by the Khasias is the dusting 
of the new cakes with powdered fragments of a previous batch ; this inoculation 
serves to carry on the culture of moulds and yeasts, more or less completely, 
from one batch to the next ; in order to determine whether such inoculation 
is necessary, a bukkar maker was persuaded to prepare a batch of cakes omit- 
ting this dusting in the first half of it. The cakes thus made were examined 
by plating, when it was found that although growth took place rather more 
rapidly in the case of the dusted specimens, the undusted ones subsequently 
developed an almost identical flora ; this would seem to show that, as might 
have been expected, the house in which the materials were stored and the 
pounding of the rice carried out, was thoroughly infected with mould spores 
of the kinds found in the cake. 

An interesting indication of some slight recognition of the basic principles 
underlying the process was afforded by the custom of carrying on the mixing 
of the dough and kneading of the cakes in the open air at some distance from 
the house itself, suggesting an attempt to limit infection to some extent to that 
introduced intentionally with the old cake ; an attempt was made to discover 
deliberate intention in this particular cake as some stress was laid upon it by 
the makers themselves, but the latter were unable to give anything more 
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definite than a mythological reason coupled mvstcriouslv with niissionaiv 
effort in the district, for this item in their tcchninne. 

Effect of Addition of Jungle Plants. 

AVhen this subject first came under C()n.sidei'ation it seemetl ])os.sihlc that 
the use of jungle plants might be connected with the introduction of mould 
spores naturally associated with them, and this view may still be held in the 
writers’ opinion for reasons already .set forth, which arc briefly, that when 
once raouldiness had been recognized as a prime characteristic of Mkhar. 
the common occurrence of moulds upon the bark and leaves of jungle idauts 
would naturally lead to their use as ingredients of the ferment. In the case 
of Khasi hdkhnr, however, this docs not hold good as the makers singe tlic 
leaves or bark in tlie fire before use, thus de.stroyino any adherent fungal .spores 
or mycelium. 

An experiment was made to obtain an idea iis to whether the addition 
of leaf was essential in actual practice. 

Local pack mi makers were invited to make use of 
(a) Local bdkhar cake. 

(5) Local bdkhar cake made without leaf. This cake, made in the 
same manner as Khasi bdkhar, but w’fthout the addition of leaf, 
on incubation developed mycelial growth similar to that of 
the normally prepared samples. 

(c) Cake containing only a pure culture of Aspergillus Oryzm ; tliis 
last cake was added to the experiment in order to obtain some 
preliminary idea as to the saccharifying power of Aspergillu.t 
Oryzee on a practical scale under Indian conditions ; at the 
same time it was shown that under the conditions of the 
experiment the addition of yeast was necessary, local air-bome 
individuals apparently not being present in sufficient quantity 
in the air of the laboratory to produce vigorous alcoholic 
fermentation. 

The use of these three cakes gave the following results : — 

(a) and (6). No obvious difference in the character of fermentation 
except that (b) produced a more pleasant flavour. 

(c) No alcoholic odour nor evolution of gas ; the liquid was distinctly 
sweet to the taste whereas («) and (&) were slightly sour. 

After four days 10 c.c. of the liquid was pipetted oS and the relative acidity 
of the three samples determined by titration with soda and phenolphthalein. 
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(e) required O'u r.c. ^ NaOH for neutralization. 

(&) .> I’O C.C. ,f )f if a 

(n) 1 o C.C. j> 3) 33 

After 6 days, distillation was carried out ; 1,500 c.c. water was added to 
the 21 litres originally used for each sample ; 700 c.c. of distillate was collected 
from each and the specific gravity determined at 21’5° C. 

(ff) 162'9 c.c. Proof Spirit. 

(6) 226'7c.c. „ 

(c) 67'5c.c. „ „ 

So far as this experiment was concerned the addition of leaf had no favour- 
able influence upon either the quantity or quality of the alcoholic fermentation. 

The Khasi women who carried out the making of the hdiluir and the 
preparation of the rice, prophesied the failure of the brew from the cake 
without leaf and probably suspected some surreptitious addition as responsible 
for the actual result. On the other hand, they were favourably impressed 
with the sugar content of the liquor containing Aspergillus Oryzie, but did not 
expect any good result from distillation owing to the obvious absence of 
fermentation in this case ; they had no hesitation in prononneing the flavour 
of the distillate from (fc) as superior to that from ((/). 

A further experiment was made in which three cakes were compared in 
order to determine the suitability of Aspergillus Oryzw as an amylo ferment 
in conjunction with an Indian yeast, and at the same time to test further the 
necessity for adding jungle plants to the cake. 

Cakes rvere made with leaf and inoculated as follows : — 

(fl) Inoculated with Khasi hakhar. 

{h) Inoculated with Aspergillus Onjzre and a yeast {D: isolated from 
Khasi bdkiiar). 

(c) No leaf added — inoculated as (6). 

Fermentation was carried out at 30° C. for five days ; distillation gave 
the following results : - - 

(а) 48'8 c.c. Proof Spirit. 

(б) 43-9 c.c. „ 

3 (c) 48-0 c.c. „ 

Hence (1) the addition of leaf in this case gave no positive result. 

(2) Aspergillus Oryzre together with local yeast gave as good 
fermentation as that produced by the indigenous flora. 
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It may be mentioned here that fiuther experiment showed that fermen- 
tation results depend very largely not only upon the organisms present, but 
also upon the conditions of aeration and water content, under which their 
action takes place. This is more especially the case so far as saccharitication 
is concerned and will bo referred to more fully later in this jjaper 

FuXOTIO.V op MaTERIAL.S, .such A.S, LgAVK.s. Il.MSK. AM) SpiCKs. 

In order to obtain some idea as to the function of tlie added materiid.s. 
several experiments were carried out. These were aimed at discoveiing wlu'tlier 
such additions could be useful in the following directions; 

(1) Inociih. — As possible conveyoi-s of amvlo ferments oi' Surrhii- 

romjjcetes. 

(2) Nutrients . — As supplying substances not foiiml in the rice, fur the 

better nutrition of the desirable fermenting organisms. 

(3) Antiseptics . — As possibly possessing antibacterial and ])r('servati\-e 

properties. 

(4) Fkivouring. — As modifying the flavour f)f tlie piwhicni eitliei’ 

directly or by Influencing the character of the fermentation, 

The very large number of diflierent materials, one list of which has been 
giveuf, used by bdkhrtr makers made it probable not only that these would 
e.xercise varying functions, but that the niaunfactnrers themseh’es would 
be Ignorant both of their original intention and of their picsent utility. It 
was quite impossible to examine more than a few of these s\ibstance.<. but 
it was clear both from experiment and local iitquiries that this view of their 
utilization was a correct one. It may be said at once that no definite 
conclusion could be arrived at as to the necessity for the use of any of these 
materials, the only positive indication obtained being that the initial growth 
of yeasts was favourably affected by the addition of leaves of the jungle 
grass used by the Khasias. 

1 The Beport of the Bengal Exetso Commis.-iion. lS83-8t, givi's much lUtailed infonimliuri 
as to the numerou.s ingredients made ii-h’ of in coune(tii:n with tlie mimufiuturc of distilled 
spirit, but on the subject of Idkliar and pruhwai is less definite tlian the Re]iort of the Central 
Provinces Excise Committee alread.v refeiTed to. It ftceins iv-ry |trobabie that inr(uiry into 
this subject is likely to elicit somewhat unreliable inforuuirtiou oviug to the readine.ss of ioi-al 
authorities to give the nanic.s of all tlie indigenous suhstauces used lU eoimecfion with fenm'u* 
tation, irrespective of distinction between tho.<e actually iiilrudiiiecl iiitu hdlhni', aud others 
cither added to pachwfti during feruientatiou or afterwards, or used only in conueetiou with 
the manufacture of distilled spirit. The writers luiiie theivfore lonfim-d their alteiitiou to 
those substaiiccs commonly used either by the Nejialese or Limboo trilies rir by the Khasi aoineii 
in Shillong, or to such as wei’o actually containeel iu samiile.s of bdkhnr iveeived from various 
sources. 
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Frequent suggestions have been made as to the use of toxic ingredients 
in bdkhar such as Datum and Nux vomica. It is possible that such substances 
may be added to jmchwai at some stage of manufacture, but the following 
calculation seems to preclude the probability of such addition to the bdkhur 
itself. 

Quantities of materials used by KLasias in making pachmti from bdkhar 
cake. 

Bdkhar cake . . . . . . 20 gm. 

Kice . . . . . . . . 1,200 „ 

Water . . . . . . . . 2,500 e.c. 

=0 80% bdkhur cake in pachtvai liquor. 

Bdkhar cake contains 

Powdered leaf, etc. . . . . . . 4 oz. 

,, lice ■ . . . . . . 8 lb. 

- about 3‘0% leaf in 6aA7i<(r=0'024% in packivai. 

Leaf or other material may contain maximum of say 5% toxic alkaloid. 

Then 0'8% x 3 0% x 5% 

= 0‘0012% alkaloid in jHichicai liquor. 

Similarly the introduction of bitter principles or other flavouring matters 
into pachtvai is not likely to be effected through the bdkhar, so far as any 
samples examined by the writers are concerned, as in all of them the propor- 
tion of materials added to the rice was obviously insufficient to affect the flavour 
of the pachwai by introduction into the latter in such small proportion. It 
would appear from the above calculation and also from experiment that the 
added substances can only carry out their specific function or functions within 
the sphere of the bdkhar cake itself or at most only indirectly in the subse- 
quently added rice and water, by aflt’ecting the character of the fermentation. 

(1) Inociila. — The roots of a specimen of the plant (Polyyala arillala) 
obtained from Darjeeling bdkhar makers, when kept moist developed a fungal 
growth which w’as plated in ammonium nitrate agar and gave a pure culture 
identified by the Imperial Mycologist as Aspergillus jlavits Link. This fungus 
however did not appear on any of the plates made from Darjeeling bdkhar 
which supports the view that the bdkhar makers in that district sterilize the 
added materials by flaming as is done in the Khasi Hills, not with the 
intention of destroying adherent fungi but in order to produce brittleness and 
consequent ease in comminution. On the other hand there is an equal pro- 
bability that some idea of eliminating imdesirable moulds or bacteria originally 
existed in connection with this process, as seems to be suggested not only by the 
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flaming of the added leaves but also by the custom of smoking the interior of 
some of the vessels used in this as in other industries such as the making of 
date sugar and ddhi, but so far as the wrfters were al)lc to ascertain, the Ml-hnr 
manufacturer is of too pilmitive a type to conceiu liimselt" witli reasons for 
such details of techuirpie. ft. seems probable irom this and other similar 
experiments that the amylo and other ferments contained in tlu* bukltoT cake 
are conveyed into it partly by inoculation by <lusting with an eailicr batch, 
and partly by air-borne infection. A series of obsiuvatious of tlie air-borne 
organisms in a hdkhar maker's hou.se throughout tlie year would bo of interest 
as elucidating this point. One experiment made at Mowlai (Shillong) on 23rd 
October 1914 consisted in exposing an ammonium nitrate agai' plate in a hdMtir 
maker’s house for five minutes ; this plate on incubation at 30' ('. gave the 
following organisms;-— 

Miicor Prainii (2) after 21 hours; two colonics: no other growth. 

After one week other growths appeared : — 

Demadum. 

Bhkopus, 

PenicilKvm. 

Yeast (one kind). ■ 

From this experiment it would appear that the greater number of the kinds 
of amylo ferments generally foimd in Khasi hdhhn were jiresent in tlie air 
of the hdkkar maker’s house, so that, even if inoculation Iry transfer fi'om 
one batch to the next were omitted, .some of the necessary moulds would 
probably appear in the cake ; this alternative source of infection dejieiids for 
its practical utility upon the comparatively large number of kinds of cfl'cctive 
amylo ferments,, but might easily fail in any ])articular case in which a dele- 
terious intruder capable of producing bad flavour .should happen to exist in 
large proportion, thus in the house in which this experiment was made, 
the Penicillium might very easily have existed in such rjuantity as to have 
ousted the Mucor Prainii which actually apjieared as the predominant organism 
on the plate, and had this been the case its presence would have destroyed the 
value of any cake depending only upon casual inferiion. 

It may be noted that only one kind of yeast apiiean d on the c.xpo.sed 
plate, whereas two or three kinds at least were gimcrally fonnd in the cakes 
themselves from this locality : thi.s howcvei' could readily be accounted for 
either by reason of transfer from one batch to 'he nc.xi. or by the fact above 
. mentioned that the later stages of making of the cakes at -Miiwlai took place 
out of doors ; other sources of infection natuialh' existed in the mats on 
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which the cakes were placed for di’ying and the cloth used for covering them. 
In the Darjeeling district, as already described, the fern leaves used for uiap- 
ping the cakes would probably Introduce various organisms. 

Experiments with other samples of leaf, roots and bark did not afford 
any conclusive evidence as to their probable utility as inocula, nor, in view 
of the custom of transfer by dusting new cakes with old ones, does it appear 
probable that any further inquiry in this direction would be of value in this 
connection. 

(2) Nnliienls. — Eay' suggests that the probable function of the added 
materials is to increase the growth of the moulds owing to the introduction 
of additional nutrients which do not occur in the rice. Much might be said 
in favour of this supposition, especially as mycologists are at present not fully 
aware of the food requirements of fungi, and the empirical nature of many 
culture media in use is evident. So far as the amylo ferments are concerned, 
however, it may be pointed out that the object of the hdkhar maker should 
be to encourage the growth of such moulds as are best adapted for the sacehari- 
fication of rice starch and in the necessary absence of reliable technique which 
might help to keep out other intrusive organisms, the use of rice alone as a 
nutrient, together with the smallest number of other kinds of ingredients 
absolutely necessary for growth is evidently indicated. Any additions to the 
medium, uhich would allow the growth of other possibly deleterious ferments 
incapable of flourishing on rice alone, would therefore constitute a departure 
from the best practice, although it would be one which might commonly 
result from observation of the comparatively high rate at which moulds 
would grow in consecpicnce of such addition. 

The case of the yeasts appeai-s to require consideration from a different 
point of view : their growth in the cake itself would probably he negligible 
if it depended upon the previous diastasic activity of the amylo ferments ; 
and would not become extensive until the cake was actually in use. At 
this point, however, competition may begin between the Sacchafomyceles 
and bacteria for the sugar produced by the amylo forments, and the 
favourable result of this competition will depend upon the rate of growth and 
cousecpient fermentative activity of the yeasts. It is therefore important that 
the latter should obtain a good start, and the following experiment suggests 
that the added materials may affect the issue by providing such additional 
nutrients as suffice to produce this desirable effect, beginning probably in the 
cake itself during the early moist stage immediately after manufacture, 
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and thus ensuring the presence of a considerable niunbcr of active yeast cells 
ready to take advantage of the sugar formed from the rice by the aiiiylo 
ferments. 

Experiment to determine Effect of added ilATKRi.vL i'pox Growiti of 

Yeast. 

Two samples of cake ivere made in the lalwratoiA- ; - 

(1) With added leaf (from Kluisi Hills). 

(2) Without such addition. 

Both were inoculated with a mixture of AxpcryUhtsOripiv and Kliasi 
cake (containing Yeast D). 

This cake was incubated at C. in ])etri dishes and allowed to diy for 
18 hours, after which drying was completed in the sun. The cakes wei-e tlieii 
plated in ammonium nitrate agar and incubated at dO' ('. After 21 hours 
incubation numerous yeast colonies and some Asixigilhni appeared on Nt). 1 
(leaf added). No growth on No. 2. 

After 18 hours a few yeast colonies appeared on No. 2. 

The photograph (Plate II) shows the two plates after four days growth. 
It will be noted that the added materials have not only increased the 
number of yeast cells, bnt also their vitality, .so that the colonies are not only 
relatively more numerous but larger. 

It may be stated here that this result is the only indubitably ])o.sitivi'. 
one obtained as the result of the addition of leaf oi' roots to the cake, ft 
should be. noted that such addition .should not Ije roiisideicd as essential to 
success, but as increasing the probability of freedom from l)acteiial invasion ; 
thus in the Shillong experiment described previously the addition of h'af had 
no positive effect upon the fermentation, which would seem to imjdy tliat uiKhu- 
the conditions of manufacture bacterial invasion does not necessaiily occur 
but as the experience of the makers shows, is more likely to do so in the absence 
of added leaf in the bakhar cake. 

As pointed out above, the adde<l material is not likely, owing to its small 
quantity, to ac-t as a nutrient in the fermenting liquoi-, so that its elfcct upon 
the yeasts as well as upon the moulds is probably confined (o the cake itself. 
The food requirements of yeasts in such fermenting liquor as ii/ichtmi would 
form an interesting study which .should also have practical iinpoitaiir.e , it 
may be suggested for instance that the well-known jihosphate requirements 
of yeast should be taken into account in selecting rice for fermentation, it 
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having been shown in connection with the study of “ beri-beri ” that polished 
rice is deficient in this necessary constituent. 

It was found in an experiment at Shillong that when only an amylo fer- 
ment was present, in this case Aspergillus Oryza, no yeast being added to the 
mixture of rice and water, bacterial action rapidly set in, and although under 
certain artificial conditions the growth of bacteria is completely suppressed 
by that of moulds, further experiments seem to indicate that yeasts and moulds 
together are very much more capable of effecting this suppression. The pheno- 
mena of mutual antipathy would appear of high importance in connection 
with the .study of fermentation, as there can be no doubt that the successful 
exclusion of bacteria from fermenting materials must depend almost entirely 
upon securing an early preponderance of the desired amylo and saccharo 
ferments of such a degree as to exclude the possibility of serious invasion by 
bacteria. Space does not jiermit discussion of the probable mechanism of 
interference, but it seems quite clear that this depends largely upon specific 
toxic excretions as well as upon relative rates of growth. 

Antiseptic.5. 

Six plates were made on ordinary nutrient agar, three of increasing dilu- 
tion from Shillong hakhar cake and three in which the jungle leaf used by the 
Khasias in Shillong was introduced also in increasing dilutions but without 
cake. 

Bakhar Cake. 

After 24 hours incubation at 30° C. 

Plate (1) Rhizopus growth over whole plate. 

(2) Rhizopus and bacterial colonies. 

(3) Two moulds and bacterial colonies. 

Leaves only. 

(1) Rhizopus — coloured brown in vicinity of fragments 

of leaf. No bacteria. 

(2) Rhizopus— Bo bacteria. 

(3) No fungus and no bacteria. 

Here we have indications of anti-bacterial action on the part of the leaf, 
but as pointed out above the amount of any such antiseptic present in the 
cake would be too small to produce any considerable effect in the pachwai 
although it might possibly act as a preservative in the cake itself. 
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Further experiuieiits shoivod that bacteria were present iii various cakes 
examined, but that the numbers appeariu*; on agar plates dejiended upon 
several conditions. 

(t) Whether oidinaiy nutrient agar or aininonium nitrate agar was 
used, the former allowing of bacterial growth whilst on the latter 
the comparatively rapid grotMh of nioiilds tended to suppress 
this altogether. Another experiment showed that dextrose 
agar exercised a similar influence to that of ammonium nitrate 
agar in favouring the suppression of bacteria in competition 
with fungi. 

(2) When large quantities of cake were used as inocula more moulds 
and fewer bacterial colonies appeared; this would lead to (he 
conclusion that the included leaf hail an anti-bacterial eti'ect 
but that this was limited by the small quantity piesent in the 
cake and was lost on dilution. Thus in further exjieriments in 
which bdkhar agar medium was used, prepared in- adding 2'\, 
agar to water extract of bdkhar cake, no anti-bacterial elfect 
was observed when 2 gm. cake were extracted either with hot 
or cold water. On the other hand the addition of I e.c. of ex- 
tract of leaf made by shaking 2 gm. loaf in uO e.c. water and 
concentrating by boiling to 20 e.c., produced inhibition of 
bacterial growth. A further e.xperiinciit in whieli the al)ov(! 
leaf extract was diluted four times, inoculated with a mixed 
bacterial and fungal culture obtained from hdkliai. incubated 
for 4 days and finally plated in nutrient agar, ga^■e veiy few 
bacterial colonies but numerous fungi. 8everal other experi- 
ments were cairied out on the above lines using leaf extracts of 
varying concentration made both in cold and in boiling water ; 
the results pointed to the conclusion tliat such extracts possessed 
anti-bacterial properties, but that the quantities of leaf jn-esent 
in the cake were generally in.suftrcient to prevent bacterial 
growth in the moist rice to which the cake is added and still 
less in the pachtrai itself, any such inhibitivc effect as might 
occur being probably due to the growth of moirlds and yeasts. 

Flavouring . — No flavour can be imparted directly to the jMtcliimi owing 
to the small quantity of materials added to the bdkhar which might produce 
this result. Indirectly, flavour might be affected by alteration in the character 
of the fermentation, as seems to occur in the luauufacture of ginger beer, but 
Ho experimental w-ork was done to detenuine this. 
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Laboratory Preparation op Ferments. 

A large number of experiments was carried out during the year to deter- 
mine the feasibility of preparing bdkhar synthetically with pure cultures and 
to ascertain the best method of doing so. 

It is not proposed to give a detailed account of these experiments here, 
on account of their number and complexity, but a description of those illus- 
trating the methods adopted, the j)ositivc and negative results achieved, 
and the conclusions arrived at, may be of interest. The original object of the 
investigation being kept in mind, it was desired to discover whether a ferment, 
either in the form of Idkhar cake or in some et^ually handy condition, could be 
prepared from a single amylo ferment combined with a single yeast. In order 
to cany out this line of inquiry thoroughly it would be necessary to compare 
the relative efficiencies of combinations of a large number of such amylo fer- 
ments and yeasts, both singly and in combination ; this would involve whole- 
time work for an investigator for a considerable period, for which it was irot 
found possible to provide in this laboratory, although the research cannot be 
considered complete until this has been done. In the mea)itime two organisms 
were selected, Aspergillus Orytar, and a yeast {S. cerevisice D) isolated from 
Khasi bdkhar. A few experiments were made using other amylo ferments 
and yeasts from molasses wash, beer wort and niahua, but ]io results as good as 
those from Aspergillus Oryzee and the Yeast D were obtained, although there 
were indications of possible improvement b)^ the use of more than one amjdo 
ferment at a time and this is a line of inquiry which should be followed up. 

As might have been expected it was found very early in the inquiry that 
the method of preparing the liee for fermentation was of prime importance : 
thus the addition of water to the dry rice so as to produce a favourable con- 
dition for fermentation could only be done with success in one way ; the rice 
is thoroughly washed with cold water and then heated carefully up to boiling 
point with just sufficient water to allow of complete absorption of the latter 
by the rice, which swells up but does not become sticky or gelatinous, as occurs 
if either the preliminary washing with cold water or careful measurement 
of the amount added before heating is omitted. This is in fact the proper 
method of cooking rice and is no doubt well known to natives throughout 
India although by no means familiar to the English cook. In the labora- 
tory the boiling temperature was an-ived at by heating in the Koch sterilizer 
at 100° C. The Khasi women heat the rice in an open brass vessel directly 
over the fire, but avoid high temperature and burning by stirring the rice 
and towards the end of the operation by lessening the heat of the fire. 
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Similarly the amounts of water used in innkins; ii]) the cake iiuist he 
carefully regulated, and it aiijiears necessary to yui v tliein in aceoidanee witli 
the amylo ferment present : tints the AsjmiillH will not tloniish on a high 
moisture content such as favours the growth of the d/aco/'.s. and in a cake 
made with a mixture of fungi the amount of water present will niatei iallv alTect 
its biological character. 

The following table shows the alctthol-pnidticing power of ferineiits 
prepared in various ways in the laboratory ; 

Table showing the amount of alcohol proihicetl finm l(«i inn. rice I'nomlntcil 

with rnrioos jcrnwnl.'i.* 


Iliocullllll 

Sp. Gr. at 
29 C. 

Distillate 

c.e. 

■ Alcohol 
by volume 

Proof 
Spirit c.e. 

(1) Khasi Bdkhar, Shillong ... 

0-970 

lOO 

259 

45-6 

(2) Bdkhar caho made in tho laboratory 
at Shillong dusted with some Khasi 
cakes. (Leaves, etc., added) 

0-974 

no 

22-1 

42-8 

(.3) AsjJergillus Oryxa + Yeast I). Kept 
sterile (11 days) 

0-9S0 

1-2U 

16-1 

:i4-i 

(1) Aapergillua Oryvii + Yeast D. Kot 
kept sterile (U days) ... 

0-987 

i-2r> 

9-7 

-21-2 

\3) Mucor and Aaptrgilhia obtained from 
the Shillong cakes + Yeast D. ... 

0-978 

no 

18-1 

35-2 

(S) Khasi itdjiAar, Shilleng (o days) 

0-970:1 

100 

25-6 

45-1 

(7) Culture of Aapergillua Orgzrs and 
Yeast D. on steamed rice ; incu- 
bated at 37° C (i days) ... 

1 

0-9S;i 

120 

1.3-2 

28-2 

(S) Bdkhar cake prepared with the cul- 
ture above (5 days) 

0-973S 

100 

-20-3 

a5-s 

(9) Bdkhar cake made with a culture of 
Aapergillua Oryiw and Sacc. cere- 
risiVr (Beer) a days 

0-9759 

100 

20-2 

:i5 0 


(10) Bdkhar cake made with a culture of 
Aapergillua Oryzie and Sacc, cere- 
viaio! (Beer) -H an emulsion of 
Dematium Chodati 

0-9790 

112 

17-1 

33-7 

(11) Bdkhar cake prepared with Asper 
gillua Oryzo! -f Yeast D. -t Mucor 
Prainii (-2) 

0-9085 

100 

27':i 

48-H 

(12) Bdkhar cake prepared with the 
addition of leaf and dusted with 
some of the Khasi cake 

0-96B0 

100 

•27-8 

4S-S 


* tTnless otherwise stated, all these were incubated at a temperature of .S(f 0. , and the 
alcohol distilled otf 0 days after the inoculation. 
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Tubk ulioiciiiy llie nmoiml of nkoliol proihiceil from 100 gni. rice inocululeii 
with viirioiis fementn—conid. 


Iiiociiliim 


(1'^) Bdkhar cake prepared with 

gillua Orpff' + Yeast 1). to which 
some leaf (Khasi) had b^n added. 

(14) Bice grain moistened with nutrient 

solution and steamed: inoculated 
with Aspirgitlui Oryia. After the 
fungus had grown, dried in the sun, 
powdered, moistened with an emnl- 
sion of Yeast 1). made into cake 
and incubated (4 da;e) 

(15) Bice powder moistened with sterile 

water and inoculated with Atptr- 
gitlvs Oryzff. After hoars, • 
added an emulsion of Yeast D. and i 
made up into cakes. Incubated at - 
30' C (5 days) (Cake K) 

(16) After the growth of the AsptrgUluf 

on the rice powder an emulsion 
of Yeast D. was added and well 
mixed. No cakes wei'e prepared 
with this. Kept in a Petri dish at 
30' C : after 24 hours transferred to 
Sr C and the dish kept open. (K|) 

17) Repeated with No. 15 again to see 
whether fermenting power Is im- 
paired by storage (4 days) (K) 

(IS) Cake prepared in the same way as No. 
15. Bice powder moisten^ with 
sterile water, seeded with Aaper- 
gillua after growth of 

fungus, well powdered and cakes 
made with an emulsion of Yeast 0> 
(Ks) 

(19) Repeated with (Ka) 

(20) Inoculated steamed rice with a dned 

culture of Amergillua Oryztb on 
steamed rice, 66 days old ; incub- 
ated for 24 hours and then inocu- 
lated with cake K; :-iocttbat8d at 
30” G for 24 hours and then added 
water. (5 days) 

(21) Repeated No. 20. (5 days) 


8p. Gr. at i Dlstilate Alcohol % Proof 
20’’ C. c c. by volume Spirit c.c. 


0-971 I KKI 25-lJ i 43-9 


0-9S95 100 r-0 13'3 


C‘96S 100 48-8 


Poor fungus growth ; bacterisl coutaroin- 
atioD and bad odour. While distilling, 
charred and was rejected. 


0*990 i 100 7 ‘2 12-8 


Bacterial contamination and putrefactive 
smell 


0'972 loo 24 ’0 4’2'2 


0-965 102 30‘3 

0*965 110 .SO-3 .58 9 


It will be seen that under the conditions of these experiments considerable 
differences in fermenting power are exhibited by variously prepared ferments, 
and although no experiments on a large scale, excepting those at Shillong 
already described, have been carried out, there is good reason to suppose that 
similar variations would occur on a commercial scale. It is unfortunate 
that ill the absence of an expert it was impossible to report upon differences of 
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taste and smell, as these were shown to a considerable de^nw and would no 
doubt seriously afEeet the choice of organisms for use. 'I'he characteristic 
and pleasant apple odour associated with the gi-owth of AxpergiUiw Orgzw 
would lead the amateur to suppose this a suitable organism for use in the 
production of potable liquor, but it is of course very ])o.ssible that the educated 
taste of the consumer of pachwai might lie in some other direction. 

(11) The high figure obtained in this experiment suggests the possibh- 
greater efificiency of a compound as compared with a simple aniylo ferment. 

(14) Here a complete mineral nutrient solution containing ])hospbates. 
potash, lime, magnesia and iron was added in order to ascertain whether 
any of these elements might be a limiting factor in the growth either of the 
fungus or the yeast. The resulting low figure no doubt indicates the inter- 
ference with the normal fermentative processes of the yeast l)v the e.xee.ss of 

■ 

nutrients introduced. 

(15) This experiment and the resulting Cake K was the first attempt 
to produce bdkJiar in two separate stages, the first one being intended to secure 
a good growth of the amylo ferment with an accompanying supply of sugar, 
the second one introducing the yeast the development of which will be facili- 
tated by the presence of this supply. 

(16 & 18) In these experiments, bacterial contamination occurred re.sult- 
ing not only in putrefactive odours but iu complete absence of fermentation. 
It was noted that w'here this had occurred distillation was characterized by 
charring and excessive frothing due to the ])resence of bacterial mucilage. 
It is not possible at present to say why bacterial infection should have occurred 
ill these two cases as it appears to do occasionally in actual practice, as in 
experiment 19, successful fermentation was obtained witli the .same inoculum. 
It is clear however that failure in growth of the amylo and saccharo ferments 
must almost inevitably result in such bacterial invasion, which is only 
prevented by the preponderance of the fungal flora. 

(20) In this case and in 21 w’hich was a repetition of the same method, 
an imitation of the Japanese Koji {Aspergillus Oryza- on steamed rice) was 
prepared and used to inoculate the steamed rice, which, after 24 hours of its 
saccharifying action, was then fiuther inoculated with a cake (KJ containing 
Yeast D, and again incubated for 24 houi-s, after which the requisite amount 
of water was added and fermentation kept up for 3 days. This method gave 
higher yields of alcohol than any previously adopted and its success iu this 
respect suggests its trial on a practical scale. Further than this the ivriters 
would recommend the adoption of the following modification of the usual 




3AKHAR YEAST 28 4-15. WITH ADDED LEAF 



BAKHAR YEAST 28-4-15. NO LEAF 
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